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Static magnetic order of quasi two-dimensional FeAs compounds Sr4A2O6−xFe2As2, with A = Sc
and V, has been detected by 57Fe Mo¨ssbauer and muon spin relaxation (µSR) spectroscopies. The
non-superconducting stoichiometric (x = 0) A = Sc system exhibits a static internal/hyperfine
magnetic field both at the 57Fe and µ+ sites, indicating antiferromagnetic order of Fe moments
below TN = 35 K with ∼ 0.1 Bohr magneton per Fe at T = 2 K. The superconducting and oxygen
deficient (x = 0.4) A = V system exhibits a static internal field only at the µ+ site below TN ∼ 40 K,
indicating static magnetic order of V moments co-existing with superconductivity without freezing
of Fe moments. These results suggest that the 42622 FeAs systems belong to the same paradigm
with the 1111 and 122 FeAs systems with respect to magnetic behavior of Fe moments.
PACS numbers: 74.70.Xa 75.30.-m 76.80.+y 76.75.+i
Since the discovery in the spring of 2008 [1], iron ar-
senide superconductors and related systems have gen-
erated a burst of research. These compounds have a
FeAs layer together with a charge reservoir layer com-
posed of RO (with R as a rare earth) in the “1111’ sys-
tems [1–5], alkali atoms (Ca, Sr, Ba) in the “122” ma-
terials [6–8], and Li and Na atoms in the “111” com-
pounds [9, 10]. In the 1111, 122, and Na-based 111
FeAs compounds, parent systems exhibit antiferromag-
netic order, and superconductivity arises through car-
rier doping via chemical substitutions and/or applica-
tion of external pressure. Recently, several groups re-
ported synthesis of a new group of FeAs systems sepa-
rated by perovskite layers such as Sr2AO3, leading to the
“42622” systems Sr4A2O6−xFe2As2 [11–14], where A de-
notes Sc, Ti, Cr, V, and other transition metal atoms.
Subsequently discovered were “32522” Sr3Sc2O5Fe2As2
[15], the homologous series of Can+1MnOy(Fe2As2) [n
= 3, 4, 5, y ∼ 3n-1, M = (Sc,Ti) and (Mg,Ti)] [16],
and (Can+2(Al,Ti)nOy)(Fe2As2) [n = 2,3,4] [17]. De-
spite a large distance between FeAs layers separated by
the perovskite layers, many of these “perovskite + FeAs”
(perov-FeAs) systems exhibit superconductivity, with the
Tc reaching as high as 47 K [16].
Study of magnetic order of perov-FeAs systems,
however, has been difficult, because: (1) non-
superconducting compounds do not exhibit clear signa-
ture of the spin density wave (SDW) ordering of Fe
in resistivity nor crystal structure, most-likely due to
weak magnetic coupling between FeAs layers separated
by a larger interplane distance; (2) it is often difficult
to separate magnetism of Fe from that of V, Cr, and
other transition-metal elements in these systems; and
(3) neutron scattering and magnetization measurements
do not provide information on the volume fraction of
magnetically ordered regions. No signature of static
order of Fe was detected by the 57Fe Mo¨ssbauer ef-
fect in Ba4Sc2O6Fe2As2 [18] and Sr3Sc2O5Fe2As2 [15],
and magnetic order of Fe has so far not been reported
in any of the perov-FeAs systems to our knowledge.
Static magnetic order of the transition metal atom A in
Sr4A2O6Fe2As2 (A = Cr, V) was reported from neutron
scattering [14, 19] and the 57Fe Mo¨ssbauer effect [18] for
the A = Cr compound, and from X-ray absorption and
Mo¨ssbauer [20] measurements for the A = V compound.
The results on the A = V compound, however, are not
conclusive due to limited neutron signal quality on poly-
crystalline specimens in ref. [19], and limited temper-
ature range (T > 20 K), indirect signature relying on
the absence of Fe ordering, and lack of volume-related
information in ref. [20].
In this paper, we present a combination of 57Fe
Mo¨ssbauer effect and positive muon spin relaxation
(µ+SR) measurements, which clearly reveal that: (a)
non-superconducting Sr4Sc2O6Fe2As2 exhibits antiferro-
magnetic SDW order of Fe moments; (b) superconduct-
ing Sr4V2O5.6Fe2As2 exhibits static magnetic order of V
moments (without ordering of Fe sub-lattice), coexisting
with superconductivity; and (c) magnetic order in both
of these systems develops in the full volume fraction.
Polycrystalline sintered specimens of stoichiometric
Sr4Sc2O6Fe2As2 and oxygen deficient Sr4V2O5.6Fe2As2
(samples # 1 - # 3) were synthesized in Beijing following
the methods described in refs. [12, 13]. The A = V sam-
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FIG. 1: 57Fe Mo¨ssbauer effect spectra in (a) non-
superconducting Sr4Sc2O6Fe2As2, and (b) superconducting
Sr4V2O5.6Fe2As2 (# 3). The spectra in (a) have been fit-
ted as a sum of the doublet signal from the paramagnetic Fe
(light blue line) and the sextet signal from the ordered static
Fe moments (dark blue line). The line width in (b) is nearly
independent of temperature for T = 20 - 300 K.
ple was checked by magnetization measurements, which
confirmed superconductivity below T∼ 25 K (Figs. 3(c)
and 4(e)) and hysteresis corresponding to a very weak
ferromagnetic polarization (Fig. 2(c)) at T = 5 K. 57Fe
Mo¨ssbauer effect and µSR measruements were carried
out, respectively, at CBPF (Rio, Brazil) and TRIUMF
(Vancouver, Canada) using the same specimens.
Figure 1 compares Mo¨ssbauer spectra obtained in the
A = Sc and A = V compounds. At room temperature,
the A = Sc system shows a unique doublet with the
quadrupole splitting value ∆EQ = −0.165(5), indicating
a single paramagnetic site. As the sample is cooled down
below 40 K the doublet splits in two phases, a remain-
ing paramagnetic doublet and a magnetic sextet, indi-
cated by the light-blue and dark-blue lines, respectively,
in Fig. 1(a). At T = 4.3 K, the paramagnetic signal
disappears and the hyperfine field for the magnetic site
becomes 1.73(2) T, which corresponds to a static Fe mo-
ment of 0.12(1) µB. The angle θ of the moment direction
fits to ∼ 80 degrees, indicating that the Fe moments align
almost perpendicular to the crystallographic c axis. The
isomer shift values δ = 0.465(3) mm/s at T = 300 K
and 0.426(4) mm/s at T = 4.3 K indicate that the va-
lence state and electronic configuration surrounding an
Fe atom are nearly independent of temperature. Figures
2(a) and (b) show the hyperfine field and the volume
fraction of the magnetically ordered region, derived by
fitting the sextet signal in the A = Sc compound.
Figure 1(b) shows the Mo¨ssbauer spectra for
Sr4V2O5.6Fe2As2, from room temperature down to 1.5
(b)
(c)
(a)
FIG. 2: (a) Static hyperfine field and corresponding Fe mo-
ment size in non-superconducting Sr4Sc2O6Fe2As2, and su-
perconducting Sr4V2O5.6Fe2As2 (# 3), estimated from the
linewidth in 57Fe Mo¨ssbauer effect. (b) The volume fraction
of ordered Fe in Sr4Sc2O6Fe2As2 derived by fitting the spec-
tra as a sum of the doublet line representing paramagnetic Fe
and the sextet line for ordered Fe moments. (c) Magnetization
hysteresis observed in Sr4V2O5.6Fe2As2 (# 3).
K. The well-defined absorption doublet has an isomer
shift δ = 0.411(2) mm/s and a quadrupole splitting
∆EQ = −0.256(2) mm/s typical for low spin Fe
+2. These
values are nearly independent of temperature, suggesting
the absence of structural phase transition, in agreement
with previous structural studies [12, 13]. The linewidth
exhibits almost no change with decreasing temperature,
demonstrating that Fe moments do not participate in
static magnetic order in the A = V 42622 perov-FeAs
compound. To estimate the static hyperfine field in this
system, we subtracted the linewidth at room tempera-
ture from the width observed at low temperatures, and
plot the result in Fig. 2(a). This figure clearly demon-
strates that the A = Sc compound exhibits static or-
der of Fe moments, but the A = V system does not.
The linewidth Γ shows a small increase at very lower
temperatures: Γ = 0.223(4) mm/s at T = 4.3 K while
Γ = 0.238(7) mm/s at T = 1.5 K. This could be due to
an effective hyperfine field generated by the ordering of
V moments. As shown in Fig. 2(c), the A = V system
exhibits hysteresis in the magnetization. This indicates
a small ferromagnetic component associated with static
ordering of V moments. The observed spontaneous ferro-
magnetic polarization ∼ 0.01 emu/g at H = 0 for T = 5
K, however, corresponds only to 7×10−4 Bohr magneton
per V atom.
Figure 3 compares µSR time spectra observed in zero
field in the A = Sc and V compounds. In (a) the Sc
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FIG. 3: Time spectra of zero-field µSR measurements in (a)
Sr4Sc2O6Fe2As2 and (b) Sr4V2O5.6Fe2As2 (#3). Separate
measurements in longitudinal field confirmed that the ob-
served oscillation and relaxation are due to static magnetic
fields. (c) shows magnetization results on Sr4V2O5.6Fe2As2
(#3), which confirmed the onset of superconductivity at
T ∼ 25 K.
compound exhibits an onset of precession below T ∼ 30
K, which is a direct indication of static magnetic order.
The temperature dependence of the precession frequency
ν(T ), shown in Fig. 4(a), is consistent with the results
of the Mo¨ssbauer hyperfine field in Fig. 2(a). In par-
ent antiferromagnetic compounds of the 122 and 1111
FeAs systems, there exists a nearly linear relationship
between the ordering temperature TN and the ZF-µSR
frequency ν(T → 0) at low temperatures [21], which is
proportional to the magnitude of ordered Fe moments.
As shown in Fig. 4(b), the results for the A = Sc 42622
system clearly follow this trend, demonstrating common-
alities of Fe magnetism among parent compounds of all
of these FeAs systems. The continuous variation of the
ordered Fe moment size suggests that this magnetism is
likely arising from itinerant Fe electrons, though in some
cases localized spin systems exhibit similar behavior due
to low dimensionality and/or frustration [22]. The or-
dered Fe moment size ∼ 0.1 Bohr magneton, estimated
by µSR from relative magnitudes of ν(T → 0), is consis-
tent with the Mo¨ssbauer results. Figure 4(c) shows the
volume fraction of the ordered region estimated by the
amplitude of the oscillating µSR signal. This figure, to-
gether with the Mo¨ssbauer results in Fig. 2(b), indicate a
gradual build up of static magnetic order of Fe moments
below TN ∼ 35 K in the non-superconducting A = Sc
system.
We also performed µSR studies on oxygen deficient
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FIG. 4: (a) Muon spin precession frequency in zero field ob-
served in Sr4Sc2O6Fe2As2. (b) Comparison of this frequency
with those observed in other FeAs systems [21]. (c) Volume
fraction of regions with static magnetic order derived from the
oscillating amplitude of the µSR signal in Sr4Sc2O6Fe2As2.
(d) Muon spin relaxation rate of the fast-relaxing component
in zero field due to static magnetic order, (e) the relaxation
rate of the slow-relaxing component from the paramagnetic
volume observed in A transverse field of 200 G, and (f) the
volume fraction of the magnetically ordered region, in super-
conducting Sr4V2O5.6Fe2As2. The results in (d) and (f) were
obtained on sample # 3, while in (e) on sample # 1: both hav-
ing nominally identical compositions. Magnetic susceptibility
of sample # 1 in (e) shows the onset of superconductivity.
specimens of the A = V compound. Susceptibility results
in Fig. 3(c) confirm superconductivity of our specimen
# 3 with a decent Meissner signal. The zero-field µSR
time spectra in Fig. 3(b) exhibit the onset of a fast relax-
ation, causing damping of the asymmetry within t = 200
ns, below T ∼ 40 K. With a separate µSR study in a lon-
gitudinal field, we confirmed that this relaxation is due
to static random fields. Figures 4(e) and (g) show the
relaxation rate of the fast-relaxing signal and the volume
fraction of the magnetically ordered region derived from
the amplitude of that signal. By comparing Fig. 3(a) for
the A = Sc system and Fig. 3(b) for the V system, we
notice that the rate of initial damping of the asymme-
try is comparable. This indicates that the static internal
fields at the muon site in these two systems are compara-
ble in magnitude. Although it is not possible to provide
a more precise estimate due to lack of information on the
4location of the muon site and the exact spin configura-
tion of the V moments, this observation points towards
∼ 0.1 Bohr magneton as an order of magnitude estimate
for the static V moment at T → 0. This finding, together
with the small magnetic hysteresis loop measured, sug-
gest dominantly antiferromagnetic spin correlations of V
moments, consistent with recent neutron measurements
[19]. We note that commensurate antiferromagnetic or-
der was observed by neutron scattering in a stoichiomet-
ric A = Cr 42622 perov-FeAs compound with an ordered
moment size of 2.75 Bohr magneton per Cr [14].
In the A = V compound, between T = 15 - 40 K,
a significant volume fraction remains without having a
large internal field from static V moments. In separate
µSR measurements in a transverse external field (TF) of
200 G, we attempted to measure the magnetic field pene-
tration depth from the signal representing such “param-
agnetic/nonmagnetic” volume fraction. As shown in Fig.
4(e), we found different TF µSR relaxation rates between
the field-cooling (FC) and zero-field-cooling (ZFC) pro-
cedures, which is a typical response for superconductors
relevant to pinning of flux vortices [23]. The scattering
of data points below T = 15 K in Fig. 4(e) is due to a
decreasing “paramagnetic” volume and difficulty in sep-
arating the relaxation due to magnetic order from the
effect of flux vortices. The FC relaxation rate σ ∼ 1µs−1
at T → 0 is comparable to the rate observed in su-
perconducting 1111 and 122 FeAs systems [21]. These
results indicate that superconductivity survives at least
in the volume without static order of V. Although our
µSR results do not give direct information on whether or
not superconductivity and magnetic order co-exist in the
same volume, the decent Meissner signal and essentially
full volume fraction of the magnetically ordered region at
T → 0 suggest that static magnetic order in V sublattices
may not give any adverse effect on superconductivity in
the FeAs layers.
In summary, the combined Mo¨ssbauer and µSR mea-
surements demonstrated static magnetic order of the Fe
sub-lattice in the A = Sc compound and the V sub-lattice
in the A = V 42622 FeAs compound. Contrary to some
theoretical proposals [24, 25] suggesting that the 42622
systems may be very different from other FeAs systems
with respect to magnetism of the Fe sub-lattices and
fermi-surface nesting, the present results indicate that
the 42622 systems belong to the same paradigm with
other FeAs systems, exhibiting static antiferromagnetic
order of Fe moments in the parent non-superconducting
compound and superconductivity without static order
of the Fe sub-lattice in a carrier-doped superconducting
compound. Magnetic order of the transition-metal sub-
lattice (V or Cr) in the perovskite layer does not seem to
alter essential features of the FeAs layers, similarly to the
case of the ordering of the rare-earthmoments in the 1111
systems. The quasi two-dimensional feature of the 42622
systems seems to work against static antiferromagnetic
order of the Fe moments. This suppression of competing
magnetic order might provide an indirect effect for pro-
moting superconductivity in various perov-FeAs systems
and lead to rather high Tc’s of newly discovered homolo-
gous systems which have FeAs interlayer distances even
larger than those of the 42622 systems.
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